Abstract: Tylonycteris pachypus (Temminck, 1840) is a small vespertilionid bat known as the lesser bamboo bat, club-footed bat, or the lesser flat-headed bat. The head of this species is dorsoventrally flattened, which is characteristic of this genus. Fleshy pads are present on the pollex and heel in members of this genus and are used in positioning the body inside the internodes of bamboo stalks. T. pachypus is intermediate in size between the larger T. robustula and the smaller T. pygmaeus. These species are sympatric throughout much of their ranges, which include South China, India, Bangladesh, Myanmar, Thailand, Laos, Cambodia, Vietnam, Malaysia, Indonesia, Borneo, and the Philippines.
CONTEXT AND CONTENT. Order Chiroptera, suborder Microchiroptera, family Vespertilionidae, subfamily Vespertilioninae, tribe Vespertilionini (Simmons 2005) . Simmons (2005) recognizes 2 species within the genus Tylonycteris, T. robustula and T. pachypus. Feng et al. (2008) describe a 3rd species, T. pygmaeus. The following key is adapted from Feng et al. (2008) .
1. Very small in size for Tylonycteris species; mean forearm length , 24.79 (23.9-25.6) mm; mean greatest length of skull 8.00 (7.6-8.5) mm, mean condylocanine length 7.20 (7.1-7.5) mm; dark, blackish pelage; larger upper premolars (about equal to one-half the crown area of M1); smaller 1st lower premolars (p2), nearly the same as one-half the crown area of p4; footpads fan shaped . T. p. aurex Thomas, 1915:228 . See above. T. p. bhaktii Oei, 1960:25-27 . See above. T. p. fulvidus (Blyth, 1859:293) . See above; rubidus (Thomas, 1915 ) is a synonym. T. p. meyeri Peters, 1872:705. See above. T. p. pachypus (Temminck, 1840) . See above.
NOMENCLATURAL NOTES. Tylonycteris comes from the Greek tylo for a knob or pad and nycteri for bat. The specific epithet, pachypus, comes from the Greek word pachy for thick and pus for foot. English common names include lesser bamboo bat, lesser flat-headed bat, flat-headed bat, and club-footed bat (Bates et al. 2008) .
DIAGNOSIS
Tylonycteris pachypus can be distinguished from the greater bamboo bat, T. robustula, by its smaller size, with a mean forearm length of 25.4 mm, mean greatest length of skull of 11.4 mm, and mean condylocanine length of 10.4 mm (Feng et al. 2008) . T. pachypus has supraorbital tubercles of the braincase less well developed and lambdoid crests more strongly developed than T. robustula (Lekagul and McNeely 1977) . T. pachypus has a golden to cinnamon brown pelage and can be distinguished from the pygmy bamboo bat, T. pygmaeus, based on size, with T. pygmaeus having a mean forearm length of , 24.7 mm, greatest length of skull 8.0 mm, and condylocanine length of 7.2 mm ( Fig.  1 ; Feng et al. 2008) . Therefore, T. pachypus represents the intermediate size of these 3 species (Feng et al. 2008) .
GENERAL CHARACTERS
Tylonycteris pachypus may rival the hog-nosed bat, Craseonycteris thonglongyai, as smallest bat. Mean body mass of 126 individuals from Longzhou County, South China, was 3.3 g ). Body masses of 3.5-5.2 g (X ¼ 4.1 g) were reported for adult males from Ulu Gombak, Selangor, Malaysia (Medway 1972) , and body masses for 1 adult male (1.4 g) and 1 pregnant female (2.7 g) were reported from Calauit, Palawan Province, Philippines (Heaney and Alcala 1986) . The skull is dorsoventrally compressed, wide, and has a short rostrum (Medway and Marshall 1970; Feng et al. 2008; Fig. 2) . Mean height of braincase, determined for bats in Xishuangbanna, southern Yunnan, China, was 3.37 mm. External measurements (mm, mean -SD, with range in parentheses) of bats from Xishuangbanna, southern Yunnan, China, were: head and body length, 38.12 -2.57 (34.00-43.00); tail length, 25.96 -3.18 (19.80-31.68); hind-foot length, 4.93 -0.55 (3.94-6.26 ); ear length, 7.70 -1.18 (6.00-10.00); forearm length, 25.85 -1.11 (22.85-28.86); condylocanine length, 10.43 -0.25 (10.07-10.83); zygomatic width, 8.14 -0.48 (6.58-8.99); greatest length of skull, 11. 37 -0.28 (10.94-12.22-Feng et al. 2008) . Measurements (mm) from the type specimen (T. aurex, from Astoli, Belgaum) were: head and body length, 42; forearm length, 29; tail length, 32; ear length, 9, greatest length of skull, 11.6 (Thomas 1915) . Measurement ranges (mm) from Malaysia were: head and body length, 35-40; forearm length, 25-28; condylocanine length, 10.4-10.6 (Medway and Marshall 1970) . Measurements (mm, mean -SD, with range in parentheses) from Philippine Islands, with specific localities noted, and Vietnam and Laos were: Calauit-zygomatic width, 7.5; forearm length, 22.35 (22.1-22.6); Culion-zygomatic width, 7.65 (7.5-7.8); forearm length, 22.76 -1.02 (22.0-24.1); Luzon-zygomatic width, 7.6; forearm length, 24.4; Palawan-forearm length, 23.3; Java-zygomatic width, 7.90 -0.27 (7.5-8.3); forearm length, 26.07 -0.54 (24.9-26.7); Vietnam and Laoszygomatic width, 8.12 -0.23 (7.8-8.5); forearm length, 25.5 -0.62 (24.9-26.6-Heaney and Alcala 1986).
There is no apparent sexual dimorphism in this species. Pelage grades anteriorly on the dorsum from a golden or cinnamon to a darker brown. The venter is a slightly lighter golden brown (Feng et al. 2008) . Fleshy, hairless pads are present on the base of the pollex at the junction of the 2nd finger and on the sole of the foot (Medway and Marshall 1970; Feng et al. 2008) . Pads are brownish and trapezoidal in shape with the narrowest part of the pad at the base of the heel (Feng et al. 2008) . Wingspan is short (190.2 mm), with equal lengths of 3rd, 4th, and 5th metacarpals and a plagiopatagium that extends to the ankle bones, but no further Feng et al. 2008) . Tragus is broad and ears are triangular in shape and rounded at the tips. Ear length (mean -SD) averages 7.70 -1.18 mm (Feng et al. 2008 ).
DISTRIBUTION
The range (Fig. 3) of Tyloncteris pachypus includes Bangladesh (Chittagong and Sylhet divisions), India (Andaman Islands, Karnataka, Kerala, Manipur, Meghalaya, Mizoram, Sikkim, Tripura, and West Bengal), Myanmar, South China (Yunnan, Sichuan, Guizhou, Guangxi, Guangdong, and Hong Kong), Thailand, Laos, Cambodia, Vietnam to Peninsular Malaysia, Indonesia (Sumatra, Java, Bali, Lombok, and Seram), Borneo (Brunei), and the Philippines (Simmons 2005; Zhang et al. 2007; Bates et al. 2008) . T. pachypus and T. robustula share similar ranges throughout most of South and Southeast Asia (Walker 1964 , not seen, cited in Medway and Marshall 1970:237) . The altitudinal range of this species spans lowland elevations up to 1,220 m in Malaysia, whereas records in the Philippines occur from sea level to 500 m and from sea level to 1,262 m are reported from India (Medway and Marshall 1970; Bates et al. 2008) . No fossils are known.
FORM AND FUNCTION
Wingspan (190.2 mm), wing area (5,820.9 mm 2 ), aspect ratio (6.2), and wing loading (5.7/m 2 ) of Tylonycteris pachypus are characteristic of an aerial-hawking bat, with high maneuverability and slow flying speeds (Aldridge 1987; Zhang et al. 2007 ). This style of foraging is seen in species experiencing a high level of clutter, such as a bamboo forest (Aldridge 1987; Norberg and Rayner 1987) . The mean length of the upper toothrow is 3.75 mm, whereas its sister species, T. robustula, has a mean upper toothrow length of 3.91 mm (Feng et al. 2008) . This difference may be why T. pachypus and T. robustula are able to partition food resources successfully (Zhang et al. 2005b) . Dental formula is i 2/3, c 1/1, p 1/2, m 3/3, total 32 (Leukagul and McNeely Fleshy pads on the pollex and the sole of the foot characterize the genus Tylonycteris. Inside a bamboo stalk, T. pachypus clings to the upper part of the internode with its hind claws, using the fleshy footpad for support and the fleshy pad on the pollex for climbing backward up to the top of the internode. This allows it to situate itself in the typical upside-down bat posture within the bamboo (Medway and Marshall 1970, 1972) . The fleshy pad is made up of about 40% epidermis, a thin layer of dermis, and a thicker layer of subcutaneous fat. The surface of this pad is free of bumps, hair, or surface glands, and appears very smooth when magnified 1233 with scanning electron microscopy. These structures are described in further detail by Thewissen and Etnier (1995) . Members of the genus Tylonycteris do not experience torpor, although they may be more lethargic at higher temperatures (Medway 1972) .
ONTOGENY AND REPRODUCTION
Preparation of ovaries for ovulation appears to occur in late May to June. Size of follicles in juveniles observed in early June suggests that follicular growth begins prior to weaning. In females observed in November, December, and January, sperm were found in the reproductive tract, clumped together with heads in the epithelium and tails facing outward. Ovulation generally occurs in early January and is thought to be triggered by higher afternoon temperatures associated with the dry season beginning in January (Medway 1972) .
Testes were noted as prominent from September to November then decreased in size from December to January, at which point they were not immediately obvious. The lowest mean mass of gonads (combined mass of testes and epididymides) was recorded as 13.1 mg in April and May; the greatest mean gonad mass was recorded as 195.2 mg from the middle of October to the middle of December. Spermatogenesis occurs in late October and appears to be near termination by late November and early December (Medway 1972) .
Copulation of Tylonycteris pachypus probably occurs between September and November when the males' testes are enlarged (Medway 1972; Hua et al. 2011 ). Pregnant females have been found during the months of February, March, and April in Malaysia, indicating that they have an extended estrus and store sperm. This timing is likely correlated with increased insect abundance between December and June (Medway 1972) . Delayed fertilization is a common reproductive style in species from temperate zones; however, it is uncommon in tropical bats such as T. pachypus (Medway 1972) . T. pachypus has an average gestation period of 12-13 weeks, and generally gives birth to twins in April or May, although singletons and triplets have been recorded (Medway 1972; Hua 2011) . Females were found lactating in May in Malaysia followed by 1st emergence of weaned juveniles at the end of May. Pups are able to fly just 22 to 25 days after birth (Zhang et al. 2005a) .
Tylonycteris pachypus are born hairless and blind with a single neonatal body mass recorded as 0.6 g. Altricial young cling to the mother's body while she flies. Skeletal growth is near completion upon weaning and closure of digital epiphyseal plates is complete in September. Juvenile pelage upon weaning appears darker and contains less reddish hue than that of adults. This difference disappears between August and October. Both males and females become sexually mature by the 1st breeding season after birth. Weaning occurs no more than a month and a half postparturition, at which time the juveniles become independent (Medway 1972) .
ECOLOGY
Tylonycteris pachypus roosts in the internodes of bamboo shafts where a long, narrow hole has been created by the emergence of beetle larvae (Medway and Marshall 1970) . In Ulu Gombak, the species of bamboo most often used is Gigantochloa scortechinii, and the beetles, which create these holes, are most often Lasiochila goryi (Medway and Marshall 1970) . The holes chosen as entrances and exits of roosting sites are small vertical slits, which are accessible because of the flattened shape of the skull (Medway and Marshall 1970; Feng et al. 2008) . Slits used by T. pachypus have a mean vertical length of 33 mm and a mean horizontal width of 4.9 mm (Medway and Marshall 1970) . Both T. robustula and T. pygmaeus are known to use roosting sites previously used by T. pachypus and vice versa. They do not usually roost together; however, Medway and Marshall (1970) recorded an incident of T. pachypus and T. robustula coroosting, and Feng et al. (2008) recorded 3 T. pygmaeus and 1 T. robustula coroosting. The size and shape of these slits are important because they prevent many predators from gaining access to this dayroosting bat. Although a major roost habitat, bamboo internodal cavities are not the only acceptable roosting site for this species. T. pachypus also has been observed roosting in small rock crevices (Medway and Marshall 1970) . Tylonycteris also may use abandoned holes of Fea's tree rat (Chiropodomys gliroides-Lim 1966).
In Guangxi, South China, Hymenoptera, Diptera, and Coleoptera were found to be most prevalent in the diet of T. pachypus, followed by Hemiptera and Homoptera (Zhang et al. 2005b) . T. pachypus also has been observed feeding on termite (Isoptera) swarms in Ulu Gombak, Selangor, Malaysia (Medway and Marshall 1970) . T. pachypus forages throughout highly cluttered areas, catching insects with its mouth and consuming them in flight .
In southern China, T. pachypus is known to be parasitized by the mite Macronyssus radovskyi. A study by Zhang et al. (2010) showed that males experienced a higher ectoparasite load than nonreproductive females, and pregnant females had higher loads than either lactating or nonreproductive females. Furthermore, juveniles experienced higher loads than adults of either sex. Ectoparasitic loads decreased from spring to winter on all individuals (Zhang et al. 2010) .
Tylonycteris pachypus is sympatric throughout much of its range with T. robustula, its sister species. Both share similar roosting sites and feed on similar families of insects. Resource partitioning occurs in that these species feed on insects in different size classes, with T. pachypus specializing on smaller insects (, 3.5 mm) and T. robustula on larger insects (3.6-4.6þ mm- Zhang et al. 2005b) . Bacteria have been found in the accessory submandibular gland of T. pachypus. These bacteria are most likely symbiotes that have a role in digestion or possibly some social interaction of these bats (Tandler et al. 1995) .
BEHAVIOR
Female Tylonycteris pachypus roost in groups with an average size of 4.9 individuals in Malaysia (Medway and Marshall 1970) , whereas an average of 12.6 individuals was documented in Guangxi Province, South China (Hua et al. 2011) . Medway and Marshall (1970) reported 20 as the largest number of individuals roosting together in Malaysia, and 38 individuals were recorded in one roost in South China (Hua et al. 2011) . Males tend to roost alone or with a group of females in Malaysia (Medway and Marshall 1970) ; however, Hua et al. (2011) reported roosts of multiple males ranging from 2 to 6 individuals in South China. Behavior upon entering the roost involves a few passes during which T. pachypus appears to investigate the status of the roost while hovering near the opening. The process of entering occurs quickly and apparently without ceasing flight. Exiting the roost also occurs quickly by poking out just the muzzle for a short examination of the outside environment before launching out from the roost (Medway and Marshall 1970, 1972; Zhang et al. 2007 ).
Individuals do not roost in the same place every day, often switching roosts daily. Likewise, size and composition of roosting groups can fluctuate daily but group composition remains broadly stable (Zhang et al. 2004 ) even among different roosting sites. Roosting groups appear to be established prior to any individual entering the roost, possibly organized by an older individual. When females are in estrus a male roosting with several females will tend to prevent a 2nd male from joining the roost (Medway and Marshall 1972) .
Tylonycteris pachypus is polygynous on multiple levels. A female may mate with different males throughout a single breeding season as well as throughout life. T. pachypus generally gives birth to dizygotic twins, although Hua et al. (2011) report a case of monozygotic twins. In T. pachypus, males that roost with a group of females sire more offspring than males that roost alone or with other males. Although harem roosting is one breeding option, there is significant promiscuity in this species (Hua et al. 2011) .
Prior to independent flight, pups make at least 2 different types of calls, independent calls, used to help the mother locate the pup, and short calls, which appear to be precursors to echolocation calls. The frequency that pups gave either call changed as they aged and became more independent. Less than a week after birth, pups gave only independent calls; however, after 2 weeks, pups used very few independent calls and more short calls (Zhang et al. 2005a) . Adult calls begin at 125 kHz and end near 58 kHz in short calls and 50 kHz in long calls (Heller 1989) . The highest frequency recorded was 129.2 kHz and the lowest was 58.3 kHz ).
GENETICS
Despite a fundamental number (FN) of 50 for both Tylonycteris pachypus and T. robustula, diploid numbers (2n) are very different with 2n ¼ 46 and 2n ¼ 36, respectively. This difference is most likely due to Robertsonian-type translocations that reduced the number of chromosomes but retained the number of chromosomal arms (Yong et al. 1971 ). The karyotype of T. pachypus consists of 1 pair of large metacentric chromosomes, 1 pair of small metacentric chromosomes, 2 pairs of minute metacentric to submetacentric chromosomes, and 2 pairs of medium, subacrocentric chromosomes. The X is a large acrocentric chromosome and the Y is a minute, submetacentric to acrocentric chromosome. The remaining 16 pairs of chromosomes are subacrocentric to acrocentric grading from large to minute. Volleth et al. (2001) used GTGbanding to compare karyotypes of T. pachypus and T. robustula. Based on the numbering scheme for an ancestral Myotis karyotype (Bickham 1979) , both species show Robertsonian fusions for biarmed chromosomes 9/23 and 18/19 and the X has undergone a pericentric inversion. In T. pachypus, chromosomal arms 1-6 are acrocentric, and 16 and 17 have undergone Robertsonian fusion to produce a small, metacentric chromosome. Ag-staining revealed that nucleolar organizer regions are restricted to a single pair of chromosomes. C-banding showed heterochromatin restricted to centromeric regions except for chromosomes 6 and 8, which have heterochromatic short arms (Volleth et al. 2001) . Twenty-two microsatellite loci have been identified for T. pachypus from South China (Hua et al. 2007; Yin et al. 2009 ). Seven of these loci amplified successfully in the sister species, T. robustula (Yin et al. 2009 ). Most loci were highly polymorphic with number of alleles ranging from 2 to 15 and mean number of alleles per locus of 8.36 (Hua et al. 2007; Yin et al. 2009) . No significant linkage disequilibrium was found for any pair of loci and only 1 locus showed significant departure from Hardy-Weinberg equilibrium.
CONSERVATION
Currently this species is listed by International Union for Conservation of Nature and Natural Resources as of ''Least Concern,'' meaning it is not currently threatened, vulnerable, endangered, or near extinction (International Union for Conservation of Nature and Natural Resources 2012). Although Tylonycteris pachypus is broadly distributed in Southeast Asia, China, and India, in South Asia this species is threatened due to deforestation and loss of habitat (Bates et al. 2008) , and in China, the population is considered highly fragmented, likely due to habitat fragmentation (Yin et al. 2009 ).
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